Abstract: Artificial cranial deformation is a cultural practice that modifies the shape of the skull during the early infancy. It is not related to rites of passage, but to different social status in a group. Therefore, the deformed cranium is an expression of individual affirmation and affiliation to a given social group. Osteological material from Pasamayo (AD 1200-1450), a cemetery in central coast of Peru, was analyzed to test whether individuals presenting different types of cranial deformation (interpreted as a sign of different social status) present differences in health status. Three types of cranial deformation were observed and five osteological markers (cribra orbitalia, cranial trauma, antemortem tooth loss, dental caries, and periodontal cavities) related to health status were analyzed in 78 crania. No significant differences were found in terms of these osteological markers among females in relation to the different types of cranial deformation. However, males presenting occipital deformation had significantly less caries and periodontal cavities than the others. Moreover, males presenting fronto-lambdoid deformation had more antemortem tooth loss than the other males. Therefore, although different types of cranial deformation can be potentially associated to distinct social status, differences in health status could only be observed in the male sample.
IntRoDuCtIon
The term 'cultural cranial deformation' is used to describe practices that alter the shape of the cranium in infancy and early childhood. This is a very ancient practice, with evidence of cranial deformation having been found in Neanderthals (Trinkaus, 1982) and in Australians in the PleistoceneHolocene transition (Antón and Weinstein, 1999 , but see Durband, 2011 for a different view). It can be an intentional practice (to produce a specific shape), or can be the byproduct of other behaviour, such as the use of a board or band to swaddle the infant to the cradle (Brothwell, 1981, p. 48) . In the first case, there is a clear intention of differentiate the deformed individuals from the non-deformed, which can be related to an idea of group identity (Munizaga, 1992; Gerszten, 1993; Torres-Rouff, 2002; Blom, 2005; Romero-Vargas et al., 2010) . However, regardless the non-intentional character, it is not possible to affirm whether non-intentional cranial deformations carry any social meaning (Torres-Rouff, 2003) . Cranial deformations have been seemed by anthropologists as a cultural characteristic "that marks territory or social boundaries, reaffirms ethnicity, and maintains and strengthens exchange networks" (Gerszten, 1993, p. 87) . According to Ayer et al. (2010, p. 1) , "evidence suggests that physical or artistic manipulation of skulls was undertaken not just to reinforce social distinctions, but also to entrench political power". Therefore, it can serve as a permanent symbol of within-group solidarity and of cultural differences between groups (Torres-Rouff, 2002) .
During the first years of life, the bones of the skull are quite malleable, and therefore the cranial deformation has to be performed in this early period. Unlike other types of body modification, this practice is not associated to any rites of passage and therefore becomes a constant and fundamental symbol of social identity (Torres-Rouff, 2003) . Obviously, deformed crania were considered as a sign of beauty and the more an individual was deformed, more beautiful he/she was considered (Blackwood and Danby, 1955; Munizaga, 1987; O'Loughlin, 2004) . Torres-Rouff and Yablonsky (2005) say that the interaction between society and body is critical to understand the social context of the body modifications and therefore, cranial deformations are a strong affirmation about the affiliation of an individual to a group. For example, in the Andean South America, cranial deformation was used to delimit social boundaries both within and among groups (Romero-Vargas et al., 2010) . Hoshower et al. (1995) reported that the Inca used cranial deformation to mark the elite and as a way of distinguishing themselves from the citizens of their empire (see also Romero-Vargas et al., 2010) . In the same way, Incas homogenised the type of deformation in each group to better identify the different members of their empire (de las Casas, 1892, p. 594-595 apud Torres-Rouff and Yablonsky, 2005) . For Torres-Rouff and Yablonsky (2005) , this example offers some documentation that can be used in order to understand what can be found in the archaeological record of other groups.
Although the reasons for the adoption of the practice of cranial deformation vary from group to group (Dingwall, 1931; Garrett, 1988) , it is well known that most of the groups considered this practice as a sign of high status, and frequently slaves were not allowed to practice it. For example, Nagaoka et al. (2012) describe the skeletal remains of a female individual found in a cemetery from the northern highlands of Peru dated from the Formative period (2500-1 BC). The individual presented artificial cranial deformation and a high stature, being buried with a pair of gold earplugs, a pair of gold earrings, and shell objects including a necklace and leg ornaments. The characteristics of the burial were interpreted as a possible evidence for social stratification in the Formative period.
Although O'Loughlin (2004) says that non-deformed individuals, in a group where cranial deformation is valued, are assign as belonging to the lower classes (and maybe presenting different genetic and/or nutritional background), the author does not discuss the meaning of different types of cranial deformation within the same group. For TorresRouff (2004) , in some cases, the type of cranial deformation was a marker of different groups within the same society.
She cites the Oruro (in Bolivia), in which the types of cranial deformation were used to differentiate social classes: high class individuals had tabular erect heads, middle class had tabular oblique heads, and the rest of them had ring-shaped head. Romero-Vargas et al. (2010) describes a similar case during the Classic period of Mayan culture: the general population could only perform erect deformations. Oblique deformations were allowed only if such individuals were destined to a high-status position (governors, priests or warriors). Therefore, if the cranial deformation can be used as a sign of social status, it must be possible to access the social status of an individual through this osteological feature and compare the health status among them. Many studies in contemporary societies say that there is a positive correlation between social status and health status, especially in terms of oral health (Antoft et al., 1999; Irigoyen et al., 1999; Donaldson et al., 2008; Oliveira et al., 2008; Pieper et al., 2012; among others) . Although these studies are based on western societies, this positive relation can be found also in other groups. For example, Walker and Hewlett (1990) observed that leaders of a community of pygmies in Africa presented better oral health than the rest of the people. In the Mayan society, elite males presented less carious lesions than females from the same social class and males and females from the lower classes. Clearly, low social status individuals presented higher frequencies of antemortem tooth loss than high status individuals (Cucina and Tiesler, 2003) .
Models can be evaluated through an analysis of osteological markers associated to health conditions and the types of cranial deformation. This study is based on the idea that the several types of cranial deformation can be used as a good evidence of differential social status and that some osteological markers can be fair indicators of health status. Through the study of skulls from the Peruvian cemetery of Pasamayo, this article aims to test whether individuals presenting different types of cranial deformation show important differences in the frequencies of cranial and oral health markers.
MAtERIAl AnD MEtHoDs
The bioarchaeological record in South America is characterized by the high frequency of individuals presenting a great variety of cranial deformation (Imbelloni, 1933) . The crania studied are currently housed at the Duckworth Laboratory of the University of Cambridge. The material was collected by Thomas J. Hutchinson in 1871 (Hutchinson, 1873) and acquired later by Sir G. M. Humphry. Pasamayo is a huge pre-Columbian cemetery in the central Peruvian coast dated from AD 1200-1450. The associated pottery is related to the Late Chancay period (Chancay is a small regional polity that arose on the central coast of Peru during the Late Intermediate period, best known for elaborate ceramics and fine gauze work; Strong et al., 1943) . Hutchinson (1873, p. 90; 1875) described this cemetery. A huge amount of human skeletal remains was found on the surface, and although some excavations were made, it is not possible to know which material was excavated and which was collected from the surface (Fairgrieve, 1990) .
Crania from 78 adult individuals (47 males and 31 females) were analyzed (Table 1 ). All individuals were sexed based on the cranial morphology (Buikstra and Ubelaker, 1994), once Cocilovo (1975) demonstrated that head shaping does not greatly affect sexually dimorphic cranial features.
Occlusal dental wear is a process caused mainly by attrition, abrasion, and erosion (Kaidonis et al., 1988) . According to Watson (2008) , food consistency, as well as foreign abrasives, would be the most important factors to influence the overall rate of the wear of the occlusal tooth surface. Occlusal dental wear of the first and second left molars was analysed according to Molnar (1971) , taken into account the occlusal surface as a whole. The method suggested by Smith (1972) was utilised. Smith (1972) proposed that the wear coefficient calculated between the first and the second molar (from the same side) could be used as an index independent of age because the molars erupt on a schedule that is relatively independent of environmental conditions. This approach is very valuable when the sample does not present enough juvenile individuals from where a specific dental wear rate can be obtained (Miles, 2001) .
The types of cranial deformation were classified according to O'Loughlin (2004) and five osteological markers related to general health (cribra orbitalia, cranial trauma, antemortem tooth loss, caries and periodontal cavities) were analyzed.
Macroscopically, cribra orbitalia can range from small isolated apertures spread over the roof of the orbit to confluent openings that result in the formation of trabecular bone (Brothwell, 1981, p. 165) . These modifications related to the hyperplasia of the diploë are a response to iron deficiency anaemia caused by undernutrition, intestinal parasites, and infectious diseases, among other factors (Stuart-Macadam, 1992 , but see Rothschild, 2012 , for a different view). Cribra orbitalia was considered present when there was a cluster of fine foramina covering a small area, as well as when a substantial area (> 1 cm 2 ) was covered by small and/ or larger foramina with a tendency to cluster together.
Traumas, especially fractures, are a valuable osteological marker that can help to reconstruct two different aspects of behaviour: daily accidents and social tension. Fractures happen when the bone is deformed excessively, beyond its tolerance. The interpretation of the mechanisms of cranial injuries is based on a variety of bone features related to the pattern of fracture lines and the presence of deformation (Kaufman et al., 1997; Lovell, 1997) . Stress fractures, as well as fractures secondary to pathological processes are very uncommon in the cranium. There are several classifications of fractures in the literature, most of them based on the mechanism of the lesion. We have utilized the descriptions of Grauer and Roberts (1996) that divided cranial fractures as resulting from blunt force/ low impact speed (producing depression or linear fractures) and acute force (producing penetrating fractures), although these categories are not mutually exclusive. With this data, it is possible to speculate about the social and environmental reasons for the frequency of trauma in a certain population. Antemortem tooth loss (AMTL) is strongly related to periodontal disease or to the exposure of the pulpar chamber of the teeth (caused by dental wear or caries), because these factors contribute to the alveolar inflammatory process, resulting in the expulsion of the teeth (Hillson, 1996) . Antemortem tooth loss was recorded in cases in which complete alveolar resorption was visible or in which substantial evidence of the process was observed.
Caries are characterized by the progressive demineralization of the hard tissue of teeth by the acid resulting from fermentation process of bacteria. Although the aetiology of caries is still not fully understood, some factors can influence the development of caries in some individuals, such as oral environment, bacterial flora composition, and diet (Buikstra and Ubelaker, 1994; Hillson, 1996; Lukacs, 1996) . Caries were observed macroscopically on all permanent teeth and were registered as present when the cavity was at least 2 mm wide and had reached the dentine (Schultz, 1988) . Such method excluded the possibility of confusing enamel pits with early stages of caries (Cucina and Tiesler, 2003) .
Quite common in prehistoric human remains, the presence of a tooth presenting an open chamber associated with bone cavities is usually described as 'abscess'. According to Hillson (2005, p. 313) , most of these cavities probably are granulomata or cysts, but their differential diagnosis in skeletal remains is quite difficult. Usually such cavities are related to the exposition of the alveolus to pathogenic external agents, through periodontal diseases or the exposure of pulpar chamber. Therefore, they are related to the frequency of caries or the severity of occlusal wear (Lukacs, 1996) . In this study, we will use the term 'periodontal cavities' to describe abscesses, granulomata, and cysts. Periodontal cavities were considered present when a cavity was exposed through a window in the buccal or lingual wall of the alveolar process (Hillson, 2005, p. 313) .
Analyses were carried out using the individual as the unit of analysis. In the case of oral markers (antemortem tooth loss, caries, and periodontal cavities), in addition to analysis by individual (for example, the frequency of individual presenting at least one carious tooth), analyses were also made considering tooth or alveolus as the unit of analysis (for example, the frequency of carious teeth in relation to the total number of teeth available).
Fisher's Exact Test was used in order to examine the kind of association (contingency) between the variables because, in many cases, the very low expected values would imply in unreliable results of the Chi Square Test (Drennan, 2010, p. 192) .
REsults
All analysed individuals presented some kind of cranial deformation, and no significant differences in terms of sex were found. The kinds of deformation found were occipital, lambdoid and one not described by O'Loughlin (2004) , fronto-lambdoid ( Figure 1 and Table 2) .
No important differences could be found in terms of relative age in the sample analyzed (Figure 2) , because the dental wear coefficients were very similar. Although there is a peak in the dental wear coefficient observed in male sample with fronto-lambdoid deformation, this value is represented by just one individual.
Significant differences between sexes included a higher frequency of cranial trauma in females (p = 0.0053), while male presented higher frequencies of antemortem tooth loss per unit (p < 0.0001) and per deformation (p = 0.0668). Fronto-lambdoid deformed individuals presented a significant higher frequency of antemortem tooth loss per alveolus than the others (p = 0.0638 in relation to the occipital group and p = 0.0132 in relation to the lambdoid group) ( Figure 5 and Table 5 ).
individual (p = 0.0010), and periodontal cavities per alveolus (p = 0.0558) (Figure 3 and Table 3 ). Cranial traumas observed in five females were small circular/oval depressions on the left parietal, next to the insertion of the temporal muscle, varying from 24 x 14 mm to 10 x 7 mm (this kind of trauma was also observed in a juvenile individual). All traumas were inactive at the time of death, except in one individual which also presented a perimortem fracture on the left parietal. The other two females presented a large healed depression (39 x 25 mm) on the right parietal, next to the meeting between the coronary suture and the sagital suture and the other had a small punctuated fracture on the sagital suture (10 x 6 mm), next to the occipital bone. Traumas observed in the male sample included two individuals with traumatic lesions on the face: one of them had an active lesion on the right zygomatic bone (next to the meeting between the zygomatic and the frontal bone) and the other, besides a healed fracture on the right maxilla, had also a depression almost completely healed on the left side of the frontal (19 x 9 mm). Another individual presented a punctuated healed fracture on the right parietal (11 x 9 mm).
It was not possible to observe any significant difference in the frequencies of osteological markers of women in terms of different types of cranial deformation ( Figure 4 and Table 4 ).
In the male sample, individuals presenting occipital deformation had less caries per teeth in comparison to the other groups (p = 0.041 in relation to the fronto-lambdoid group and p = 0.0151 in relation to the lambdoid group). Individuals presenting occipital deformation had less periodontal cavities per alveolus when compared to the ones presenting fronto-lambdoid deformation (p = 0.085) and less caries per individual than the ones with lambdoid 
DIsCussIon
The results show that all individuals collected in Pasamayo presented some type of cranial deformation, including a type not described by O'Loughlin (2004) , the frontolambdoid deformation. Both sexes were equally affected by this practice, and no differences in the frequency or the type of deformation were found. The absence of sexual differences in the frequency of this practice was also observed in other groups (Gerszten, 1993; Tiesler, 1999) and it can be suggested that this modification was not related to the reinforcement of gender differences (Torres-Rouff, 2002) . Cranial traumas in past populations can be interpreted as an evidence of interpersonal violence (Walker, 1989; Jurmain, 1991; Stodder and Martin, 1992; Walker et al., 1997) . Table 5 . Pathologies observed in the male sample (observed/total number) according to the type of cranial deformation. I = number of individuals; U = number of units; p cavities = periodontal cavities; Fr-lambdoid = fronto-lambdoid.
Total
Cribra ( An unexpected higher frequency of cranial trauma was found in the female sample when compared to the male one. This is not in agreement with most of the studies that show a higher frequency of traumas in males, due to warfare and hunting activities (Slaus et al., 2004) . For example, Standen and Arriaza (2000) observed that the frequency of cranial traumas in Chilean skeletons from Chinchorro was three times more frequent in males than females. Significant differences were also found in La Real, an archaeological site associated to the Wari Empire, in Andean Peru (Tung, 2007) and in Pachacamac, an Andean religious and pilgrimage centre (Torres-Rouff, 2003) . Other groups did not present significant differences between sexes in terms of cranial fractures (Keenleyside, 1998; Robb et al., 2001; Djurić et al., 2006; Judd, 2006; Tung, 2007) or traumas in general (Milner et al., 1991; Slaus et al., 2004; Okumura and Eggers, 2005; Paine et al., 2007) . On the other hand, Torres-Rouff and Costa Junqueira (2006) observed a higher frequency of cranial traumas in females than in males from San Pedro de Atacama between 200 BC-AD 600, but not before this period. The authors proposed that the character of preColumbian warfare was different from the one observed in western contemporary societies, where groups of men unite and face each other to fight. It is also possible that women also had some participation in warfare, resulting in a higher frequency of lesions. Alvrus (1999) proposed that traumas found in the female sample from Nubia could be a result of raids. Most of cranial trauma observed in females was healed compressed fractures, which according to Roberts and Manchester (1995) is probably the most common type of cranial fracture that can be found in archaeological contexts. On the other hand, the facial fractures found in males from Pasamayo, and especially the punctuated fracture observed in one of them strongly suggests violent episodes. Walker (1989) says that facial fractures (like the ones observed in our sample) are a strong indicator of interpersonal violence, as well as perimortem, multiple and parry fractures (Keenleyside, 1998) , which could not be observed in our sample because there are no postcranial bones available.
The non-lethal nature of the observed trauma suggests the possibility of some form of hostility that could emphasize the lesion, and not the death (Walker, 1989) . Torres-Rouff and Costa Junqueira (2006) observed that the lesions found in skeletons from San Pedro de Atacama reveal face to face confrontations similar to the ones reported by Tung (2007) as a ritual violence observed in southern Peru. Contemporary reports describe a Peruvian ritual battle named Tinku, which has the objective of causing injury to the opponent (Orlove, 1994, p. 133) . Ritualized violence was proposed by Standen and Arriaza (2000) to explain the high frequencies of cranial traumas in Chinchorro cultures on coastal Chile. For Torres-Rouff and Costa Junqueira (2006), although comparative data can suggest that ritualized violence can be the causal factor of the pattern of trauma revealed in San Pedro de Atacama, it is not possible to rule out the possibility that individual conflicts, possibly related to land and resources could be responsible for these lesions. In fact, there is a relationship between the scarcity of resources and the occurrence of conflicts (Walker, 1989; Okumura and Eggers, 2005) .
Males presented a worse condition in terms of oral health; the frequency of antemortem tooth loss (per alveolus and per individual) and periodontal cavities (per alveolus) was significantly higher than the frequencies found in women. The relative ages according to sex (Figure 2) show that there are no important differences in the relative ages between sexes (given by dental wear). Therefore, these differences in oral health can be due to differential access to cariogenic food, distinct susceptibilities to oral diseases, different physiological injuries or cultural behaviours that could influence oral health (Slaus, 2000) .
The absence of significant differences among women presenting different cranial deformation can be explained in terms of a real absence of differences in their health status (see Sakashita et al., 1997 for a complete absence of differences in dental health and social status), or that, in this case, cranial deformation cannot be used as a proxy or marker to predict differences in health status.
In the male sample, individuals bearing frontolambdoid deformation presented a significantly higher frequency of antemortem tooth loss per alveolus than the other individuals, which can be interpreted as a sign of very bad oral health in this group. The high frequency of antemortem tooth loss is usually the result of inflammatory processes due to dental caries and alveolar exposition caused by periodontal disease and/or exposition of the pulpar chamber caused by a high rate of dental wear (Hillson, 1996 (Hillson, , 2005 Lukacs, 1996) . Therefore, it is not unreasonable to suppose that individuals with fronto-lambdoid deformation presented the worst oral health (although only one of the markers was considered as significantly different). Furthermore, individuals with occipital deformation presented fewer caries per tooth when compared to the other groups, fewer periodontal cavities per alveolus when compared to individuals bearing fronto-lambdoid deformation, and fewer caries per individual when compared to lambdoid deformed individuals. Our results indicate that the occipital deformed group presented a better oral health status than the other groups, while the fronto-lambdoid deformed group presented the worst oral health status.
Although it is not possible to say that individuals presenting occipital deformation surely belong to the upper classes, it is well known that there is a positive correlation between health and social status in many prehistoric groups (Walker and Hewlett, 1990; Antoft et al., 1999; Irigoyen et al., 1999; Cucina and Tiesler, 2003) , which can be indicative of this group occupying a more privileged social position than the others. It would not be unreasonable to suggest that the group bearing occipital deformation may be related to a higher social status in relation to the other analyzed groups. On the other hand, individuals presenting frontolambdoid deformation apparently did not enjoy the same status associated to occipital and lambdoid deformed groups.
ConClusIons
Although different types of cranial deformation can potentially be related to different social status, it was possible to verify that these differences were found just on the male sample and for some of the osteological markers related to oral health. Our results show that males presenting fronto-lambdoid deformation presented a high frequency of antemortem tooth loss per alveolus, while males with occipital deformation presented a low frequency of caries per tooth and per individual, as well as a low frequency of periodontal cavities per alveolus when compared to the ones presenting fronto-lambdoid deformation. For this reason, it is possible to suggest that fronto-lambdoid deformed individuals may be related to a low social status, whereas individuals bearing occipital deformation may be associated to a high social status. Furthermore, males exhibit worse oral health in comparison to women, which can be related to differential access to cariogenic food or cultural behaviours that could be influencing these pathologies, among other factors. Still, is quite intriguing that women presented a higher frequency of cranial traumas than men, although it was beyond our scope to determine the motivation behind such high frequencies of interpersonal violence. Obviously, these results must be viewed cautiously, given the relatively small sample size.
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